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ABSTRACT 
The aim of this research project is to develop an autopilot system that enables the 
helicopter model to carry out autonomous hover manoeuvre using on-board 
intelligence computer. The main goal of this project is to provide a comprehensive 
design methodology, implementation and testing of an autopilot system developed 
for a rotorcraft-based unmanned aerial vehicles (UAV). The autopilot system was 
designed to demonstrate autonomous manoeuvres such as take-off and hovering flight 
capabilities. For the controller design, the nonlinear dynamic model of the helicopter 
was built comprising of four different subsystems such as actuators dynamics, rotary 
wings dynamics, force and moment generation process and rigid body dynamics. 
Stabilization of the helicopter was derived by using Proportional Integral Derivative 
method. The overall system consists of the helicopter with an on-board computer and 
a second computer serving as a ground station. While flight control is done on-board, 
mission planning and human user interaction take place on ground. Sensors used for 
autonomous operation include acceleration and euler angles sensors The hardware 
and software used to autonomously pilot the helicopter were described in detailed in 
this thesis. Series of test flight were conducted to verify autopilot system 
performance. The proposed hovering controller has shown capable of stabilizing the 
helicopter attitude angles.
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ABS TRAK 
Tujuan projek penyelidikan mi adalah untuk membuat satu sistem autopilot yang 
membolehkan model helikopter untuk menjalankan autonomi hover manuver menggunakan 
on-board komputer perisikan. Matlamat utama projek mi adalah untuk menyediakan satu 
kaedah reka bentuk yang komprehensi1 pelaksanaan dan ujian sistem autopilot dibangunkan 
untuk helikopter berasaskan kenderaan udara tanpa pemandu (UAV). Sistem autopilot telah 
direka untuk menunjukkan gerakan autonomi seperti pelepasan dan keupayaan berlegar 
semasa penerbangan. Bagi reka bentuk pengawalan, model helikopter dinamik bukan linear 
dibina terdiri daripada empat sub sistem yang berbeza seperti penggerak dinamik, sayap putar 
dinanik, daya dan proses generasi masa dan dinamik jasad tegar. Penstabilan helikopter 
diperolehi dengan menggunakan kaedah PID. Keseluruhan sistem terdiri daripada helikopter 
dengan koniputer on-board clan komputer kedua berkhidmat sebagai stesen pengawalan di 
tanah. Walaupun kawalan penerbangan dilakukan atas kapal, perancangan misi clan interaksi 
pengguna manusia mengambil tempat di atas tanah. Sensor yang digunakan untuk operasi 
autonomi termasuk pecutan clan Euler sudut sensor. Perkakasan clan perisian yang digunakan 
untuk autonomi juruterbang helikopter yang telah diterangkan dalam terperinci dalam tesis 
mi. Siri penerbangan ujian telah djjalankan untuk mengesahkan prestasi sistem autopilot. 
Cadangan pengawal berlegar telah menunjukkan mampu menstabilkan sudut sikap 
helikopter.
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CHAPTER 1 
INTRODUCTION 
1.1 BACKGROUND OF [HE RESEARCH 
Agile and precise manoeuvrability of the helicopters makes them useful for 
many critical tasks ranging from rescue and law enforcement task to inspection and 
monitoring operations. Helicopters are indispensable air vehicles for finding and 
rescuing stranded individuals or transporting accident victims. Police departments 
use them to find and pursue criminals. Fire fighters use helicopters for precise 
delivery of fire extinguishing chemicals to forest fires. More and more electric power 
companies are using helicopters to inspect towers and transmission lines for 
corrosion and other defects and to subsequently make repairs. All of these 
applications demand dangerous close proximity flight patterns, risking human pilot 
safety. An unmanned autonomous helicopter will eliminate such risks and will 
increase the helicopter's effectiveness. The first major step in developing unmanned 
autonomous helicopter is the design of autopilot control system for the craft itself. 
The work presented in this thesis is to develop an autopilot control system for a 
helicopter model in autonomous hovering. 
An unmanned aerial vehicle (IJAV) indicates an airframe that is capable of 
performing given missions autonomously through the use of on-board sensors and 
manipulation systems. Any type of aircraft may serve as the base airframe for a UAV 
application. Traditionally, the fixed-wing aircrafts have been favoured as the 
platforms simply because their simple structures, efficient and easy to build and 
maintain. The autopilot design is easier for fixed-wing aircraft than for rotary-wing
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aircrafts because the fixed —wing aircrafts have relatively simple, symmetric and 
decoupled dynamics. 
However, rotorcraft- based UAVs have been desirable for certain applications 
where the unique flight capability of the rotorcraft is required. The rotorcraft can take 
off and land within limited space and they also hover, and cruise at very low speed. 
Unmanned surveillance helicopter offers a lot of benefits in search and rescue 
operations, remote inspection, aerial mapping and offer an alternative option for 
saving human pilot from dangerous flight conditions (Aniidi, 1996). 
Beside these advantages, helicopters are well known to be unstable and have 
a faster and responsive dynamics due to their small size. Model scaled helicopter can 
reach pitch and roll rates up to 200 deg/s with stabilizer bar, yaw rates up to 1000 
deg/s and produces thrust as high as two or three times the vehicle weight (Mettler et 
al., 2002a). The helicopter dynamics are inherently unstable and require velocity 
feedback as well as attitude feedback to stabilize and control Velocity feedback 
needs the accurate velocity estimates, which can be obtained by the use of n inertial 
navigation system. The inertial navigation system in turn requires external aids so 
that the velocity and position estimates do not diverge with the uncompensated bias 
and drift of the inertial instruments, i.e., accelerometers and rate gyroscopes. Another 
irony is that, even though UAVs are typically smaller and the frill- size manned 
vehicles, they usually required more accurate sensors because the demanded sensor 
accuracy is higher when the vehicle is smaller. 
An autopilot system is a mechanical, electrical or hydraulic system used to 
guide a vehicle without assistance from a human being. In the early days of transport 
aircraft, aircraft required the continuous attention of a pilot in order to fly in a safe 
manner and results to very high fatigue. The autopilot is designed to perform some of 
the task of the pilot. The first successful aircraft autopilot was developed by Sperry 
brothers in 1914 where the autopilot developed was capable of maintaining pitch, roll 
and heading angles. Lawrence Sperry has demonstrated the effectiveness of the 
design by flying his aircraft with his hands up (Nelson, 1998). Modern autopilots use
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computer software to control the aircraft. The software reads the aircraft's current 
position and controls a flight control system to guide the aircraft. 
As unmanned vehicle, issues such as remote sensing, terrain and obstacle 
recognition, radio link and data acquisition must be solve for absolute reliability. The 
design must be proven to work given the constrain of the environment especially due 
to lack immediate and flexible human intervention available on board. An 
autonomous control mechanism should be able to accommodate and manage all of 
the issues mentioned above in real-time. It also must be able to plan its flight and 
mission goals without continuous human guidance. As general remarks, the 
autonomous helicopter is built basically by putting together state-of-the-art 
navigation sensors and high performance on-board computer system with real-time 
software control on commercial available remote-control helicopter model 
(Shim42000). The autonomous unmanned helicopter system design problem alone 
encompasses many challenging research topics such as system identification, control 
system architecture and design, navigation sensor design and implementation, hybrid 
systems, signal processing, real-time control software design and component-level 
mechanical-electronic integration. The vehicle communicates with other agents and 
the ground posts through the broadband wireless communication device, which will 
be capable of dynamic network internet protocol (IP) forwarding. The vehicle will be 
truly autonomous when it is capable of self-start and automatic recovery with a 
single click of a button on the screen of the vehicle-monitoring computer.
1.2 RESEARCH PROBLEM DESCRIPTION 
Among many issues that must be addressed in the important area of 
autonomous helicopter, this thesis will cover three important issues only, i.e. the 
helicopter mathematical modelling and identification, hardware, software and system 
integration and control system design. To begin with, in order to determine the most 
effective control strategy that governs the overall architecture of a model scaled 
helicopter, a detailed knowledge of the structure and functions of the helicopter in 
the form of a mathematical model is necessary. Secondly, the analytical 
mathematical model must then be provided with physical parameters accurately 
representing a real helicopter model This analytical mathematical model of 
helicopter is important for the design of an autopilot system that provides artificial 
stability to improve flying qualities helicopter model. Lastly, a good waypoint 
navigation planning method that fundamentally guides an on-board computer control 
mechanism bust be devised. 
1.3 PROBLEM STATEMENT 
Unmanned aerial vehicles (UAVs) have scientific significance and huge 
potentials in real applications. Among UAVs, the small-scale UAV helicopter is very 
popular in the academic research community as it is relatively easy to be manipulated 
in a manual mode and operated in an automatic model In most cases, researchers 
have applied common methods to find a suitable dynamics model for various kinds 
of helicopter platforms. The purpose of this paper is to explore model and control on 
the ascending of helicopter movement. Dynamic modelling is an important step in 
the development and the control of a dynamic system. Moreover, dynamic models 
are widely used in control design. Dynamic models of helicopter can be based on 
equations.
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1.4 RESEARCH OBJECTIVE 
The objective of this research study is to model and control the ascending and 
of helicopter. This research develop an autopilot system that could enable the 
helicopter model to perform autonomous hover manoeuver using only on-board 
intelligence and computing power. 
1.5 RESEARCH SCOPE 
The scopes for the research work as follows: 
i. Establishing scaled helicopter model dynamic characteristic for the 
control system design autopilot system. 
ii. Developing an electronic control system that enables the helicopter 
model to perform its mission goal 
iii. Fabricating and testing the electronic control system (autopilot) 
performance on helicopter model in autonomous hovering 
1.6 RESEARCH DESIGN AND IMPLEMENTATION 
In order to design an autopilot system for scaled model helicopter, a 
performance and stability analysis will be conducted using several physical 
measurement, experimental testing and similarity analysis. The helicopter model is 
derived from a general thil-sized helicopter with the augmentation of servo rotor 
dynamics. The nonlinear model derived from general frill-sized helicopter model will 
be simplified through linearization in order to obtain a linear model controller design. 
The helicopter platform was then integrated with navigation sensors on board flight 
computer. Linearized control theory will be applied for helicopter stabilization using 
the model obtained. After the design of low-level vehicle stabilization controller, 
vehicle guidance logic will be developed. The vehicle guidance logic can be used as 
a user interface part on the ground station and sequencer on the UAV side. The 
complete autopilot system integration with the helicopter had been done after all the
electronics were built and installed considering several factors such as power 
requirement. The implementation of the project research is shown in Figure 1.1. 
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Figure 1.1 The Research Project Implementation Flow Chart
1.7 PROJECT CONTRIBUTION 
The project contributions are as follows: 
i. Simulation models for controller design, stability and performance 
analysis of a UAV helicopter model has been developed. 
ii. The, low level stabilization controller has been designed based on the 
control theory developed from the stimulation model 
iii. The autopilot system integration with the helicopter was developed 
taking into consideration the power requirement, mounting, 
electromagnetic and radio interference. 
iv. The UAV helicopter capable of hovering autonomously had been 
developed. This is the major breakthrough in the effort of developing 
a completely autonomous UAV helicopter. 
1.7.1 THESIS ORGANIZATION 
This thesis is organized into five chapters. The first chapter introduced the 
motivation, research objective, scopes of work and contribution of this project. 
Chapter 2 reviews the UAV development history, principle f rotary wing 
aircraft, helicopter dynamic modelling, control and autonomous system design are 
also explained in this chapter. 
Chapter 3 present the helicopter dynamic modelling procedures and 
simulation, hardware, software and vehicle integration, described the hardware and 
software development of the system and the system integration into the helicopter 
modeL Present the control design methodology and result for each controller for the 
autopilot system 
Chapter 4 present the result for controller for the autopilot system. 
In the final chapter, Chapter 5, the research work is summarized and the 
Potential fl,iture works are outlined.
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CHAPTER 2 
LITERATURE REVIEW 
2.1 INTRODUCTION 
An unmanned aerial vehicle (IJAV) can be defined as an airplane designed 
with no pilot on board which can take over various roles of piloted aircraft. There are 
a number of important fields of science and technology which are directly related to 
UAV research such as aerodynamics, propulsion, structural, flight dynamic and 
control, flight perhmance and electronic system integration into UAV platform. 
An autonomous UAV indicates an airframe that is capable of performing 
given mission autonomously through the use of on-board sensors and manipulation 
systems. There are different types of aircraft which can be used as the base airframe 
for UAV application such as fixed wing aircraft and rotorcraft based UAV. Each 
UAV capability varies significantly to each other and can also be categorized based 
on their payload weight carrying capability, mission profile (altitude,range,duration) 
and their command, control and data acquisition capabilities.
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The fixed-wing aircraft have been thvoured as the platform for UAV because 
of many good reasons: they are simple in structure, efficient and easy to build and 
maintain. The autopilot design is easier for fixed-wing aircrafts than for rotary-wing 
aircrafts because the fixed-wing aircrafis have relatively simple, symmetric and 
decoupled dynamics (Shim,2000). Some fixed wind UAVs such as Pioneer UAV 
used by Marina Corps for example, have very successftil records in actual field 
operations (Office of The Secretary of Defense, 2005). 
The rotorcraft-based UAVs have been desirable for certain applications 
where the unique flight capability of the rotorcraft is required. The rotorcraft can 
take-off and land within limited space and they can also hover and cruise at very low 
speed. Research of the rotorcraft- based UAVs has finally become an active area 
during the last decade although one of the first rotorcraft UAVs, Gyrodyme QH-50, 
made its debut in 1958. The advance in rotorcraft UAV research coulb be achieved 
thanks to the maturing technologies that became available during the last 10 years, 
such as rotorcraft dynamics, control system theory and application, high-accuracy 
small navigation systems and Global Positioning System (GPS) (Shim,2000) 
Building a custom-designed helicopter requires tremendous knowledge, time 
and effort. The market for the helicopter platform for rotorcrafi UAV development is 
very small and specialized. Most of the above reasons contribute to the general 
understanding that rotorcraft UAVs are more expensive and more difficult to operate 
than fixed wing UAVs. However, only rotorcraft UAVs can perform some 
applications such as low-speed tracking maneuversin iaw-enfbrcement, 
reconnaissance and operations where no runway is available for take-off and landing 
(Amidi et al., 1998). Thanks to the vertical take-off and land on a very limited space 
such as ship deck (Naval Air Systems Command, 2001). Hover, low speed flight and 
sideslip capabilities make the helicopter perfect vehicle for tracking or searching out 
ground targets. In summary, the characteristic of rotorcraft UAVs are listed as 
follows.
Advantage: 
i Small space is required for launch and retrieval. 
ii. Versatile flight modes: vertical take-og landing, hover, pirouette, sideslip, 
low-speed cruise. 
Disadvantage: 
i. More complicated mechanical structure. 
ii. Inefficient flight dynamics: lower maximum speed, shorter mission range. 
iii. More accurate and complicated navigation sensor requirement. 
iv. Inherently unstable and relatively poorly known dynamics. Difficult control 
system design. 
2.2 PRINCIPLE OF ROTARY WING AIRCRAFT 
The helicopter is capable of several versatile flight modes mentioned in the 
section earlier and able to cruise like a conventional aircraft. The fixed wing aircraft 
obtained lift with their wings as they propel through the air with sufficient speed 
while the helicopter uses rotor to generate lift as it rotates horizontally above the 
fuselage. The blade of the helicopter main rotor has a flexible high aspect ratio wing 
and the pitch of each blade (or is called blade angle) can be altered to cause a change 
in the blade's angle of attack, thereby controlling the corresponding aerodynamic 
forces (Montgomery, 1964). This in turn will control the total thrust generated by te 
main rotor. The main rotor can be tilted as a disc to control its directional and 
longitudinal motions by cyclic pitch control. The cyclic pitch angle is also called disc 
angle.
In any kind of flight modes (hovering, vertical, forward, sideward or 
rearward) the total lift and thrust forces of a rotor are perpendicular to the tip-path 
Plane or plane rotation of the rotor. The tip-path plane is the imaginary circular plane
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outlined by the rotor blade tips in making a cycle of rotation. During any kind of 
horizontal or vertical flight, there are four forces required to support the weight of the 
helicopter. Thrust is the force required to overcome the drag on the fuselage and 
other helicopter components. 
During hovering flight in no-wind condition, the tip-path plane is horizontal 
and parallel to the ground. Lift and thrust forces act straight up while weight and 
drag act straight down as shown in Figure 2.1. The sum of the lift and thrust forces 
must equal to the sum of the weight and drag forces in order for the helicopter to 
hover.
During vertical flight in a no wind condition, the lift and thrust forces both act 
vertically upward while weight and drag both act vertically downward. When lift and 
thrust equal weight and drag, the helicopter hovers. If lift and thrust are less than 
weight and drag, the helicopter descends vertically and if lift and thrust force are 
greater than weight and drag, the helicopter rises vertically. It shown in Figure 2.2. 
During forward flight as shown in Figure 2.3, the tip path plane is tilted 
forward, thus tilting the total lift-thrust force forward from the vertical This resultant 
lift-thrust force can be resolved into two components i.e the lift acting vertically 
upward and thrust acting horizontally in the direction of flight. In addition to lift and 
thrust, there are weights, drags, the rearward acting or retarding force of inertia and 
wind resistance. In straight-and-level accelerated forward flight, lift equals weight 
and thrust equals drag (straight-and-level flight with a constant heading and at a 
constant altitude). If the lift exceeds the weight, the helicopter climbs; if the lift is 
less than the weight, the helicopter descend. If the thrust exceed the drag, the 
helicopter speeds up; if the thrust is less than the drag, it slows down.
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During sideward flight, the tip-path plane is tilted sideward in the direction 
that flight is desired thus tilting the total lift-thrust vector sideward. In this case, the 
vertical or lift component is still straight up, weight straight down but the horizontal 
or thrust component now acts sideward with drag acting to the opposite side. The tip-
path plane is tilted rearward thus tilting the lift-thrust vector rearward in rearward 
flight. The thrust components are rearward and drag forward, just the opposite to 
forward flight. The lift component is straight up and weight straight down. The 
forces acting on the helicopter during forward, sideward and rearward flight are 
shown in Figure 2.4.
1 
Thrust 
Uft 
Weight 
Drag 
Figure 2.1: To maintain a hover at a constant altitude, enough lift and thrust 
must be generated to equal the weight of the helicopter and the drag produced 
by the rotor blades.
Figure 2.2: To ascend vertically, more lift and thrust must be generated to 
overcome the forces of weight and the drag. 
r	 Resultant
Lift 
Thrust
Weight	 RestIant 
Figure 2.3: To transition into forward flight, some of the vertical thrust must be 
vectored horizontally. You initiate this by forward movement of the cyclic 
control
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Figure 2.4 :Forces acting on the helicopter during sideward flight. 
As the main rotor of a helicopter turns in one direction, the fuselage 
tends to rotate in the opposite direction This tendency for the fuselage to rotate is 
called torque. Torque effect on the fuselage is a direct result of engine power 
supplied to the main rotor and any change in engine power brings about a 
corresponding change in torque effect. The greater the engine power, the greater the 
torque effect will be. In autorotation manoeuvre, there is no engine power being 
supplied to the main rotor and thus there is no torque reaction created during 
autorotation.
The force that compensates for torque and keeps the fuselage from 
turning in the direction opposite to the main rotor is produce by means of an 
auxiliary rotor located at the end of the tail boom. This auxiliary rotor generally 
referred to as a tail rotor or antitorque rotor, produces thrust in the direction opposite 
to torque reaction developed by the main rotor (Figure 2.5). Foot pedals in the 
